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ABSTRACT

The concept of sufficiency, originally introduced in the context of the comparison of statistical experiments,
has recently been shown to provide a coherent basis for comparative evaluation of forecasting systems. Specificaily,
forecasting system A is said to be sufficient for forecasting system B if B’s forecasts can be obtained from A’s
forecasts by a stochastic transformation. The sufficiency of A’s forecasts for B’s forecasts implies that the former
are of higher quality than the latter and that all users will find A’s forecasts of greater value than B’s forecasts.
However, it is not always possible to establish that system A is sufficient for system B or vice versa. This paper
examines the concept of sufficiency in the context of comparative evaluation of simple probabilistic weather
forecasting systems and investigates its interpretations and implications from perspectives provided by a recently
developed general framework for forecast verification.

1t is shown here that if system A is sufficient for system B, then the basic performance characteristics of the
two systems are related via sets of inequalities and A’s forecasts are necessarily more accurate than B’s forecasts.
Conversely, knowledge of a complete set of performance characteristics makes it possible to infer whether A is
sufficient for B, B is sufficient for A, or the two systems are insufficient for each other. In general, however,
information regarding only relative accuracy, as measured by a performance measure such as the mean square
error, will not be adequate to determine the presence or absence of sufficiency, except in situations in which
the accuracy of the system of interest exceeds some relatively high critical value. These results, illustrated by
means of numerical examples, suggest that comparative evaluation of weather forecasting systems should be
based on fundamental performance characteristics rather than on overall performance measures.

Possible extensions of these results to situations involving more general forecasting systems, as well as some
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implications of the results for verification procedures and practices in meteorology, are briefly discussed.

1. Introduction

Comparative evaluation is concerned with compar-
ing the performance of two (or more) forecasting sys-
tems or forecasters. In the context of weather fore-
casting, this comparison has traditionally been
accomplished by computing an overall measure of
performance (e.g., the mean square error or a skill
score) for each system and then comparing the nu-
merical values of these measures. It is implicitly as-
sumed in this process that the measure of performance
(a measure of accuracy or skill) completely character-
izes the quality of the forecasts and that the forecasts
judged to be of greater accuracy or skill are also of
greater value to actual and potential users.
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Recent studies related to quality/value relationships
for weather forecasts in the cost-loss ratio problem (e.g.,
Chen et al. 1987; Murphy and Ehrendorfer 1987) reveal
that overall measures of performance, by themselves,
generally do not completely determine forecast quality.
Specifically, these studies demonstrate that the rela-
tionships between performance measures and measures
of forecast value are usually described by multivalued
functions (i.e., envelopes). Such relationships are mul-
tivalued because accuracy (or skill) and value are dif-
ferent multivalued functions of basic characteristics of
performance (i.e., the relationships are inherently
multidimensional and therefore cannot be described
by single-valued functions). The existence of such
multivalued relationships implies that forecasts of
greater accuracy (or skill) can actually be less valuable
to users. Thus, the conditions under which one fore-
casting system can be judged to be unambiguously su-
perior to another forecasting system are evidently not
well defined, at least in the existing meteorological lit-
erature.

The fundamental work on the comparison of statis-
tical experiments by Blackwell (1951, 1953) provides
the basis for a coherent approach to comparative eval-






